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“Germination and Seedling Vigour Index”as a Phenotypical Marker for the
Selection of NaCI Tolerant in T, generation transgenics (PgNHX1) of tomato

(Solanum lycopersicum L.)

Truong N. N, S. Rangaiah® and D. L. Savithramma

ABSTRACT: The success of increase the solute concentration in the vacuoles of plant cells by sequestering sodium ion into the
vacuoles of plant cells, where overexpression of the Pennisetum glaucum PgNHX1 that encodes a vacuolar sodium/proton
antiporter resulted in higher plant salt tolerance. Percent germination, driven by the endogenous respiration was found to be
suitable for sensitive, quantitative differentiation between transformant lines of T3 generation tomato. Salinity tolerance during
germination was evaluated for 25 lines of transformant T, tomato at 200mM NaCl in in-vivo and 100mM NaCl along with
20mg/L hygromycin in in-vitro. Germination responses were measured as final germination percentage and calculated seedling
vigour index. Germination percentage was affected by salinity; control seeds no germinate under NaClI concentration screened.
Transformants seeds germinated after 5 days under exposing to 100mM NaCl in in-vivo and 7 days in germination testing in
in-vitro. Seedling vigour index of transformant lines 4-13/1, 13-7/8, and 4-16/1 screened in in-vitro showed high value inturn
as 4.03, 3.74, and 3.55 respectively showed salinity tolerance in germination stage even in presence of both salinity and antibiotic

stress.
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Salinity in soil is one of the non-living environmental
stresses, major limitations of plant growth and
productivity all over the world. Thus it is a serious
threat to agricultural productivity especially in arid
and semi-arid regions [18]. Salt stress is recognized
as a major factor that limits plant growth, physiology
and productivity, mainly by inducing osmotic effects,
ion-specific effects and oxidative stress or plant death
[16]. Salinity has negative effects on yield of tomato
plants by reducing germination, seedling growth,
establishment of the plant weak, lower weight and
marketable fruits [10]. Germination is the first life
stage of the plantand appearance of radicle is the first
easily observable event entirely driven by
endogenous respiration. In germinating seeds the
energy for growth is provided by respiration.
Universal inhibition of growth arises from inhibition
of respiration since electron transport (mitochondrial
and photosynthetic) in the membrane is inhibited by
the inhibition of diffusion of the relevant quinone in
the voids in the membrane [12]. The presence of finite

maintenance energy requirements necessitates that
growth of a plant ceases before the energy source,
respiration, does, at any stage in the life cycle. Since
the phenotype for osmotolerance was identified with
the limiting osmotic pressure at which respiration
ceases, and since this critical osmotic pressure could
vary with the life cycle, osmotic susceptibility of
germination on hydration of the dry seed appeared
to be a logical choice for phenotyping plants [13].
Moreover salt stress can affect germination with
osmotic pressure [18]. Germination and seedling
characteristics, which are the most useful criteria, are
used to select the level of salt tolerance in plants [4].

The cultivated tomato (Solanum lycopersicum L.)
belongs to family Solanaceace and is the second most
important vegetable crop next to potato. Tomato has
the ability to reduce risks of many cancers due to its
nutritional content [7]. Salinity has negative effects
on yield of tomato plants by reducing germination,
seedling growth, establishment of the plant weak,
lower weight and marketable fruits [17]. Moreover,
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Kaveh et al. [10] demonstrated that percentage and
speed of germination of all varieties of greenhouse
tomatoes delayed and reduced by increasing salinity
and whole seedling growth characteristics (fresh and
dry weight of roots and stems) were decreased with
increasing salinity. Researchers showed that the
percentage and speed of germination of all varieties
of greenhouse tomatoes delayed and reduced by
increasing salinity and whole seedling growth
characteristics (fresh and dry weight of roots and
sterms) were decreased with increasing salinity.

In this present investigation we have used seed
germination rate and final percentage germination
phenotypes as the easiest and suitable method to
screen salt tolerant lines among transformants T,
tomato. We have carried this experiment by using 25
lines transformed (P¢NHX1) gene to Vaibhav variety,
and have discussed the validity of seed germination
experiment with respect to salt resistant in T,
generation transformants tomato.

MATERIAL AND METHODS

Material

Seeds of 25 transgenic lines tomato (Vaibhav cultivar
overexpressing P¢NHX1 genes) were developed in
department of Genetics and Plant breeding,
University of Agricultural sciences, Bengaluru. The
seeds of transgenic lines after selfing T, plants were
used for the selection of NaCl tolerant in T, generation
transgenics (PgNHX1) of tomato (solanum lycopersicum
L). The material used for this study was obtained from
the concerned teacher in the department of Genetics
and Plant breeding.

Methods

Seed germination assay

First experiment was carried out to calculate
germination percentage and seedling vigour index
under salt stress in in-vivo. Ten seeds from each
transgenic line in 25 transformant lines were spreaded
on petri plates moistened with distilled water for two
days, followed by to 50mM for another two days,
continued increasing NaC1 concentration to 200mM.
The plates were incubated at 27°C in growth chamber
and germination percentage was recorded on 15" day
and expressed as percentage over control using the
formula.

Germination % under stress

Germination percentageof theline = —
Germination % of related control

Another experiment was conducted to assure
translation of P{NHX1 gene in T, generation with
effect of hygromycin in the presence of NaCl in in-
vitro. Ten seeds from each transgenic line in 25
transformant lines were tested for their germination
ability at 25°C in presence of 100mM NaCl and 20mg/
L Hygromycin supplemented in MS basal medium.
Observations were recorded after 15 days of
incubation. The seeds which produced a minimum
radicle length of 0.5cm were considered to be
germinated. The number of seeds that germinated in
each bottle was recorded and expressed as percentage
over control.

Seedling vigour index

Root and shoot lengths of individual plants were
measured 15 days post germination and expressed
as percentage over control and seedlings vigour index
using the formula.

Seedlings Vigour Index (SVI) = Germination
percentage x [shoot length (cm) + root length (cm)]

Experiment design and statistical analysis

Completely Randomized Design (CRD) for all
experiments. Germination testing in both of in-vivo
and in-vivo with 27 treatments (25 transformant lines
+ 2 control treatments), 2 replications, and 5 seeds
per replication. Data was input and block diagram
used Microsoft® Office Excel 2010, data analysis was
used for determining the existence of significant
effects due to the transgene P{NHX1 by IRRISTAT
5.0 software.

RESULTS AND DISCUSSION

Seed germination of PgNHX1 T3 transgenics and
control in 200mM NaCl in in-vivo and 100mM NaC1
+20mg/L Hygromycin in in-vitro

Previous studies have also showed that no
correlation has been observed between salt tolerance
at germination and seedling stage [14], nor between
germination and grain yield [3], and between seed
germination and in later growth stages [6]; Cuartero
and Fernandez-Munoz, [5]). The stimulation of
germination and days required for its completion,
depend upon Gibberelic acid content in seed. A low
level of GA in seed in saline medium was unable to
break the mechanical resistance of endosperm against
imbibition of water by seed and this leads to the
reduction in speed of germination [8]. Furthermore,
Naseri et al. [15] reported that salinity due to the toxic
effects of specific ions and a high concentration of salt
reduces the water potential, which prevents the
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Figure 1: Germination percentage in in-vitro of T3 putative transformants and control seeds on exposure to
100mM NaCl along with 20mg/L hygromycin.

absorption of water by the seeds, therefore, reduced
the speed of germination. As well as, Sattar et al. [18]
mentioned that inhibition of seed germination by
salinity was related to the osmotic effect or specific
ion toxicity.

Genotypes which germinate earlier at higher
salinity are supposed tobe more vigourous and may
be used as potential donor in salinity tolerance crop
breeding programmes [2,9]. In the present study, 25
putative transformant lines were first screened with
NaCl in in-vivo. Germination of seeds were started
in presence of 100mM NaCl1l (at 5" day), the
germination percentage reached up to 100 per cent in
many lines, while the stress control did not germinate.
It is also the speed of germination was reduced i.e. it
took more days to complete the germination under
salinity as Amir et al. [2] proposed the salinity notably
affects germination in many species but .also
lengthens the time needed to complete germination.
Moreover, the seedling vigour index was more than
10 in transformant lines and siginificant difference
with NaCl stress control was 0 (no germinate), which
was around the value of seedling vigour index of
control plant under non-stress (9.05). There are 15
transformant lines showed seedling vigour index
more than and significant difference with control non
stress at 5%, other transformant lines higher seedling
vigour index than control but non significant
difference with them (Table 1).

As well as, Akinci et al. [1] demonstrated the
response of tomato genotypes to increasing salinity

during the germination and seedling stages. It has
been shown that crops which are tolerant at seedling
stage also show improved salinity tolerance at adult
stage. Second experiment was conducted to assure
translation of P{NHX1 gene in T, generation. Twenty
five lines were selected for abiotic resistance screened
with 100mM NaCl1 along with 20mg/L hygromycin
in half strength MS basal media in in-vitro. The
untransformed seeds failed to germinate while the
transgenic lines 4-13/1 and 13-2/8 showed 50 per cent
seeds germinate.

Moreover, the seedling vigour index of
transformant lines 4-13/1,13-7/8,4-16 /1 showed high
value inturn as 4.03, 3.74, and 3.55 respectively. These
data showed salinity tolerance in germination stage
even in presence of both salinity and antibiotic stress
(Table 2). Similarly, the seedling height increased with
time but decreased with in creasing salinity level in
both cultivars. The development of root system and
leaves was reduced as salinity increased. Salt stress
caused reduction in the vascuolar system in both roots
and stem. Meanwhile, salinity stress resulted in an
increase in the thickness of the cortex region of the stem
and a reduction in that of root [19].

These two stress treatments of transformant and
control seedlings have shown that the transgenics
expressed increase seedling tolerance to NaCl stress
as reflected by the larger seedling length compare to
the untransformed seedlings. This results are similar
with previous studies of Akinci et al., [1]; Amir et al.,
[2]; Naseri et al., [15]; Mahran, [11].
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Table 1
Seedling vigour index of putative transformants and control
seedlings after exposing to 200mM NaCl in in-vivo

SI. No Line SVI SI. No Line SVI
1 4-11/1 11.63' 15 5-28/9 12.36*
2 4-11/2 10.04"s 16 5-28/12 16.05*
3 4-12/3 11.21 17 5-31/2 11.87*
4 4-12/8 11.71 18 13-2/1 12.40*
5 4-13/1 10.15 ™ 19 13-2/8 12.75*
6 4-13/3 11.64 20 13-7/4 10.04
7 4-13/4 12.03* 21 13-7/8 15.06*
8 4-16/1 11.55m 22 13-7/10 12.22*
9 5-5/7 11.65 23 13-11/4 14.20*
10 5-24/9 14.30* 24 13-11/8 10.46"
11 5-24/13 15.03* 25 13-11/9 13.19*
12 5-27/2 13.92* 26 Control MSo  9.05
13 5-27/4 11.98* 27 Control NaC1 0.00
14 5-28/2 12.41*

LSD 5% 2.81

CV% 11.60

* significant difference between transformants with control non
stress at 5%; ns: non significant

Table 2
Seedling vigour index of putative transformants and control
seedlings after exposing to 100mM NaClI along with 20mg/L
hygromycin in in-vitro

SI. No Line SVI SI. No Line SVI
1 4-11/1 2.06* 15 5-28/9 1.99*
2 4-11/2 1.67* 16 5-28/12 2.57*
3 4-12/3 2.60* 17 5-31/2 2.13*
4 4-12/8 2.05* 18 13-2/1 2.18*
5 4-13/1 4.03* 19 13-2/8 2.41*
6 4-13/3 2.02* 20 13-7/4 2.22%
7 4-13/4 2.52%* 21 13-7/8 3.74*
8 4-16/1 3.55* 22 13-7/10 1.89*
9 5-5/7 1.50* 23 13-11/4 2.48*
10 5-24/9 2.17* 24 13-11/8 2.50*
11 5-24/13 2.10* 25 13-11/9 2.37%
12 5-27/2 1.76* 26 Control MSo 9.85
13 5-27/4 1.78* 27 Control NaC1 0.00
14 5-28/2 2.42*

LSD 5% 1.19

CV% 13.8

* significant difference between transformants with control (NaC1
stress) at 5%

CONCLUSION

Some important conclusions can be drawn from the
results achieved during this experiment. Tomato is
considered to be a salt sensitive species. Our results
indicate that PgNHX1 overexpressing tomato display
an enhanced tolerance to NaCl at early seedling stage.
Therefore, comparisons of salinity tolerance
mechanisms in transformants tomato will be
fundamental to understand the regulatory points
assigning physiological mechanisms that are likely
to provide salinity tolerance.
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